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Wind  energy,  as  a  reliable,  natural  and  renewable  electrical  power  supply,  produces  no  emissions  and 
so  it  is  an  excellent  alternative  to  conventional,  more  heavily  polluting  fuels  in  the  long  term  based  on 
the  worldwide  concern  about  the  environment  and  energy  supply.  Wind  energy  resources  in  China  are 
affluent,  but  its  distribution  are  uneven,  centralized,  and  far  from  both  the  utility  and  the  high  electric¬ 
ity  demand  markets.  This  made  China’s  onshore  wind  power  development  have  such  characteristics  as 
large  scale,  high  centralization  and  far  transmission,  which  is  different  with  that  in  Europe,  where  the 
characteristics  are  even  distribution,  decentralized.  In  past  two  decades,  considering  the  economic,  tech¬ 
nical  and  environmental  benefits  of  wind  power,  China  has  given  priority  to  its  development.  Besides  the 
dramatic  growth  of  large  scale  grid-connected  wind  power,  household-scale  wind  power  has  been  used 
most  successfully  in  remote  rural  regions  in  China.  Therefore,  the  development  of  wind  power  will  be 
of  great  importance  to  alleviate  the  energy  crisis  and  environmental  pollution  resulting  from  the  rapid 
economic  growth  of  China  in  the  future.  In  this  paper,  the  current  development  of  wind  energy  utilization 
in  China  is  investigated,  and  some  critical  barriers  are  discussed.  Finally,  the  perspective  of  wind  energy 
utilization  is  presented,  where  focuses  are  placed  on  seven  wind  power  bases. 
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1.  Introduction 

Energy  resources  are  the  supporting  industry  of  a  nation’s  econ¬ 
omy  and  society  development.  With  the  fast  increasing  of  China’s 
economy  over  the  last  three  decades,  China  is  also  becoming  an 
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energy  consumption  big  power,  and  its  total  primary  energy  con¬ 
sumption  had  been  up  to  3249.39  million  tons  of  standard  coal  as 
calorific  value  calculation  in  2010.  However,  it  is  worth  noting  that 
the  consumption  of  coal  and  petroleum,  and  nature  gas  constituted 
68%,  19%  and  4.4%  of  the  total  annual  primary  energy  consumption, 
respectively  [  1  ].  It  is  difficult  to  change  this  situation  any  time  soon. 
As  a  result,  China  is  facing  many  challenges  from  the  extensive  use 
of  fossil  energy  resources.  For  example,  it  is  worldwide  recognized 
that  fossil  energy  resources  will  not  last  very  much  longer,  and  their 
exploitation  and  utilization  seriously  pollutes  the  environment  and 
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discharges  a  large  quantity  of  greenhouse  gases.  So  it  is  seriously 
threatening  the  capacity  for  China’s  sustainable  development. 

In  practice,  most  of  the  present  energy  demand  is  used  in  gen¬ 
erating  electricity.  By  2010,  the  total  installed  capacity  of  electric 
power  had  reached  966  GW,  which  represents  a  1 0.56%  growth  rate 
in  this  year  in  comparison  with  the  year  of  2009.  However,  In  spite 
of  the  fast  increasing  of  electricity  generation,  the  electricity  supply 
cannot  yet  meet  the  demand  well,  which  had  contributed  to  cuts 
in  power  supply  in  many  areas,  especially  in  peak-value  time,  as 
the  total  electricity  demand  in  China  in  2010  was  4199.9TWh  [2], 
and  is  projected  to  reach  5990-6570  TWh  in  2015  [3].  As  a  result, 
coal  use  is  expected  to  increase  greatly  in  order  to  electrical  power 
needs  in  the  next  couple  of  decades.  This  will  result  in  a  significant 
contribution  to  world  C02  emissions.  As  a  matter  of  fact,  Chinese 
emissions  were  more  than  six  billion  tons  of  C02  in  the  year  2009, 
accounting  for  about  22%  of  global  emissions  [4]. 

In  order  to  deal  with  energy  crisis  and  global  climate  warming, 
as  all  other  countries  around  the  world,  efforts  have  been  made  to 
generate  electricity  from  renewable  electrical  energy  in  China.  One 
way  of  generating  electricity  from  renewable  energy  resources  is 
to  use  wind  turbines,  which  can  convert  the  kinetic  energy  con¬ 
tained  in  the  wind  into  electrical  power  by  using  modern  wind 
energy  conversion  technologies.  Due  to  their  advantages,  together 
with  institutional  and  governmental  support  on  wind  energy  and 
improvement  of  modern  wind  energy  conversion  technology,  by 
the  end  of  2009,  China’s  market  for  the  electrical  power  produced 
by  the  wind  turbine  generator  (WTG)  has  been  up  to  27.61 5  TWh, 
demonstrating  a  1 1 1.14%  year-on-year  increase  [5],  and  in  the  year 
2010,  with  a  78.89%  increase  in  comparison  with  the  year  of  2009 
[2].  Compared  with  fossil  fuels,  wind  turbine  generators  (WTG) 
have  a  number  of  advantageous  characteristics  that  are  presented 
as  following  [6,7]: 

•  Wind  energy  is  essentially  a  natural,  infinite  and  renewable  elec¬ 
trical  power  supply,  that  is,  it  will  never  be  depleted  during  the 
generation  of  the  electricity,  which  can  be  realized  through  mod¬ 
ern  wind  turbines  technologies. 

•  The  generation  of  the  electricity  from  wind  energy  is  environ¬ 
mentally  friendly.  It  does  not  emit  C02  and  create  any  toxic 
by-products. 

•  As  a  matter  of  fact,  all  forms  of  energy  production  have  an  effect 
on  the  environment,  but  the  impacts  of  wind  energy  are  low, 
local,  and  manageable.  These  environmental  impacts  are  negli¬ 
gible  when  compared  with  conventional  fossil  energy  sources. 

•  Wind  energy  can  do  more  than  the  production  of  the  electricity 
such  as  water  pumping,  grinding  grain,  sawing  wood  and  power 
tools. 

At  present,  there  are  different  alternatives  for  wind  power 
generation  utilization  such  as  so-called  “on-grid”  and  “off-grid”. 
On-grid  wind  power  means  that  wind  power  generation  system  is 
connected  to  the  power  grid,  and  the  electricity  that  is  produced  by 
wind  turbines  is  transmitted  to  power  consumer  through  the  grid, 
while  its  counterpart,  off-grid  means  that  wind  power  generation 
systems  are  isolated,  and  without  connection  to  the  grid.  In  gen¬ 
eral,  energy  storage  components  are  need  to  ensure  the  electricity 
supply  during  the  periods  of  low  or  no  power  output,  this  can  be 
because  that  wind  power  outputs  can  fluctuate  on  an  hourly  or  daily 
basis.  Alternatively,  the  wind  can  also  be  used  in  a  hybrid  concept 
with  diesel  engine  generator,  with  fuel  cells  or  photovoltaic  power 
system. 

The  main  objective  of  this  paper  is  to  give  a  quick  overview  of 
the  distribution  of  wind  energy  resources,  and  to  investigate  the 
current  development  of  wind  energy  utilization  in  China.  In  turn, 
some  critical  barriers  are  discussed.  Finally,  the  perspective  of  wind 


Fig.  1.  Wind  energy  resources  in  China. 


energy  utilization  is  presented,  where  focuses  are  placed  on  seven 
wind  power  bases. 

2.  Wind  resources  in  China 

2.2.  Onshore  wind  resources  in  China 

China  is  endowed  with  large  wind  energy  resources,  especially 
in  the  north  and  the  southeast  along  the  coastline.  As  the  third 
general  survey  of  national  wind  resource  of  China  meteorological 
Administration,  the  theoretical  exploitable  storage  of  wind  energy 
in  China  has  been  estimated  at  4350  GW,  and  the  technological 
available  storage  is  in  the  order  of  297  GW  at  a  10  m  height  [8]. 
In  fact,  modern  turbine  hub  height  has  been  up  to  50  m,  at  which 
the  technological  available  storage  could  be  two  times  this  figure. 
This  is  because  wind  speeds  typically  increase  with  height  above 
the  ground  [9].  The  distribution  of  effective  wind  power  density  is 
shown  in  Fig.  1  [10].  As  shown  in  Fig.  1,  based  on  the  criterion  of 
division  presented  in  Table  1  [9],  in  which  the  parameters  are  aver¬ 
aged  over  the  region,  there  are  several  main  regions,  where  wind 
energy  resources  are  richer  than  that  of  other  regions. 

In  the  three  north  regions  including  Northeast  China,  North 
China  and  Northwest  China,  wind  power  density  can  reach 
200-300  W/m2,  and  even  reaches  500  W/m2  in  a  few  specific  sites, 
which  can  be  hundred  of  square  kilometers.  The  time  duration 
above  wind  speed  of  3  m/s  is  higher  than  5000  h,  and  even  7000  h 
above  in  a  few  sites  [8]. 

Coastal  wind  resources  along  the  southeast  coast  in  China  are 
also  rich,  with  a  wind  power  density  of  200  W/m2  above.  The 
time  duration  above  wind  speed  of  3  m/s  varies  between  7000  and 
8000  h  such  as  in  Taishan,  Pingtan  and  so  on  [8].  However,  due  to 
the  lack  of  coal  resources,  together  with  local  rapidly  increasing  of 
electricity  demand  and  high  electricity  prices  make  wind  energy 
utilization  have  very  good  prospects.  But  the  lack  of  land  resources 
can  limit  the  development  of  coastal  wind  power. 

2.2.  Offshore  wind  resources  in  China 

The  Offshore  area  has  been  divided  into  different  classes 
depending  on  the  distance  from  the  coastline,  specifically  area  less 
than  10  km  from  the  coast,  areas  10-30  km  away,  areas  30-60  km 
away  and  areas  more  than  60  km  away  [11].  Offshore  wind  farms 
are  constructed  in  general  on  the  continental  shelf  in  sea  area  which 
is  about  1 0  km  away  from  the  coast,  with  less  than  the  depth  of  30  m 
[12]. 
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Table  1 

The  criterion  of  division  on  wind  energy  resources. 
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Wind  potential  region 

High 

Moderate 

Marginal 

Poor 

Annual  available  wind  energy  density  (W/m2) 

>200 

200-150 

150-50 

<50 

Time  duration  above  wind  speed  of  3  m/s  (h/year) 

>5000 

5000-4000 

4000-2000 

<2000 

Time  duration  above  wind  speed  of  3  m/s  (h/year) 

>2200 

2200-1500 

1500-350 

<350 

However,  along  the  path  from  shallow  water  through  tran¬ 
sitional  water  to  deep  water,  wind  energy  resources  become 
increasingly  rich.  This  reason  can  be  that  offshore  wind  energy 
resources  depend  largely  on  the  distance  from  the  coast.  As  esti¬ 
mated,  the  total  available  offshore  wind  energy  storage  of  China 
may  reach  approximately  100  GW  at  the  offshore  depths  of  10  m, 
approximately  300  GW  at  the  depth  of  20  m,  and  approximately 
490  GW  at  the  depth  of  30  m,  respectively.  The  total  available  wind 
energy  of  offshore  area  of  China  is  3  times  that  of  onshore  area  of 
China  [9].  So  offshore  wind  power  has  very  good  perspective. 

3.  Current  development  of  wind  power  generation  in  China 

3.2.  Overall  status 

Wind  power  is  the  fastest-growing  energy  resource  both  in 
China  and  worldwide  in  the  recent  years,  which  can  be  seen  in 
Fig.  2  [2,5,13,14],  which  presents  the  annual  growth  rate  of  elec¬ 
trical  power  installed  capacity  by  primary  energy  resource.  From 
the  figure,  between  the  years  2006  and  2010,  the  growth  rate  of 
wind  power  installed  capacity  was  a  great  deal  higher  than  any 
other  electricity  generating  technology  in  China.  Fig.  3  shows  the 
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Fig.  2.  Annual  growth  rate  of  electrical  power  installed  capacity  by  primary  energy 
resource. 
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Fig.  3.  The  share  of  wind  power  and  fossil  power  in  the  total  installed  capacity  of 
electric  power. 


share  of  wind  power  in  the  total  installed  capacity  of  electrical 
power.  Though  wind  power  increased  its  share  in  total  electrical 
power  installed  capacity  from  only  0.2%  to  0.6%  in  the  year  2007, 
up  to  2.01%  in  2009,  and  further  up  to  3.06%  in  2010,  it  is  still 
the  weakest  sector  among  electricity  generating  technologies.  In 
2010,  the  electricity  production  from  wind  power  is  49,400  GWh, 
with  an  increasing  of  21,785  GWh  in  comparison  of  that  of  2009 
[2].  The  share  of  wind  power  in  electrical  power  production  is  pre¬ 
sented  in  Fig.  4.  There  is  a  slight  increasing  trend  over  this  period.  In 
2010,  wind  power  contributed  1 .1 7%  of  total  electricity  production, 
which  is  about  12.3  times  that  of  2006,  which  can  be  seen  in  Fig.  4. 
Note  that  the  data  in  Figs.  3  and  4  are  calculated  in  terms  of  the 
electricity  industry  statistics  made  by  the  China  Electricity  Council 
[2,5,13-15]. 

In  fact,  China’s  efforts  to  develop  wind  power  generation  can  be 
traced  back  to  the  early  1970s.  Since  then,  especially  in  the  past 
two  decades,  wind  power  generation  is  increasing  dramatically.  A 
number  of  nation-level  wind  power  projects  have  been  completed 
to  increase  the  contribution  of  the  production  and  consumption  of 
wind  electricity.  As  a  result,  the  total  installed  wind  power  capacity 
in  China  has  increased  from  341 .6  MW  in  2000  to  44,733.29  MW  at 
the  end  of  201 0  [  1 6],  with  an  average  annual  growth  rate  of  62.82%. 
Development  of  wind  power  in  China  between  the  years  2000  and 
2010  is  shown  in  Fig.  5  [16],  which  derived  from  the  Chinese  Wind 
Energy  Association.  From  the  figure,  it  can  be  seen  here  that,  espe¬ 
cially  between  the  year  of  2007  and  2009,  wind  power  generation 
has  grown  dramatically  at  an  average  annual  growth  ratio  of  about 
116%. 

Due  to  the  uneven  distribution  of  wind  energy  resources,  most 
of  different  scales  wind  farms  have  been  established  on  Xinjiang 
Autonomous  Region  through  Qinghai  Province,  Gansu  Province  to 
Inner  Mongolia  (IM),  and  the  South-East  Coastal  Region  of  China 
and  so  on.  The  cumulative  installed  wind  power  capacity  and  its 
share  in  national  installed  capacity  and  the  annual  installed  wind 
power  capacity  and  its  share  in  national  installed  capacity  in  leading 
provinces  in  2010  is  given  in  Table  2  [16].  It  can  be  seen  here  that 
Inner  Mongolia  is  the  national  leader  in  the  wind  energy  sector, 
with  wind  power  of  13,858.01  MW.  Approximately  30.98%  of  the 
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Fig.  4.  The  share  of  wind  power  and  fossil  power  in  the  total  productions  of  the 
electricity. 
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Table  2 

Current  status  of  wind  power  installed  capacity  in  leading  provinces  in  2010  (MW). 


Inner  Mongolia 

Gansu 

Hebei 

Liaoning 

Jilin 

Shandong 

Heilongjiang 

Jiangsu 

Xinjiang 

Nation 

Annual 

4661.85 

3756.0 

2133.4 

1641.55 

877.00 

1418.7 

710.30 

371.00 

361.00 

18,927.99 

Annual  share  (%) 

24.63 

19.84 

11.27 

8.67 

4.63 

7.50 

3.75 

1.96 

1.91 

100 

Cumulative 

13,858.01 

4943.95 

4921.5 

4066.86 

2940.86 

2637.8 

2370.05 

1467.75 

1363.56 

44,733.29 

Cumulative  share  (%) 
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Fig.  6.  Development  of  wind  power  in  Inner  Mongolia. 


Year 

Fig.  5.  Development  of  wind  power  in  China  between  the  years  2000  and  2010. 

national  total  installed  wind  power  capacity  is  in  Inner  Mongolia, 
1 1 .05%  in  Gansu  and  1 1 .00%  in  Hebei. 

3.2.  Wind  power  development  in  Inner  Mongolia 

Due  to  its  special  geographic  characteristics  such  as  relative  high 
altitude,  open  terrain,  low  vegetation,  few  buildings,  speed  increas¬ 
ing  effect  when  north-south  air  flows  through  the  raised  landform, 
and  small  ground  friction  [17],  Inner  Mongolia  is  abundant  in  wind 
energy  resources.  Furthermore,  wind  energy  resources  of  Inner 
Mongolia  have  many  advantageous  characteristic  such  as  wide 
distribution,  high  stability,  and  good  continuity.  Annually  average 
wind  speed  is  3.7  m/s,  and  effective  wind  power  density  is  up  to 
100-300  W/m2  in  Inner  Mongolia  at  the  height  of  10  m  [18,19].  In 
one  word,  Inner  Mongolia  is  a  perfect  place  for  developing  wind 
energy. 

Inner  Mongolia’s  efforts  to  develop  wind  power  generation 
can  be  traced  back  to  the  1970s.  Due  to  abundant  wind  energy 
resources,  together  with  prior  consideration  to  develop  wind 
power  by  both  national  and  local  governments,  wind  power  uti¬ 
lization  in  Inner  Mongolia  is  in  the  leading  position  among  other 
provinces  of  China.  At  that  time,  in  Inner  Mongolia,  there  are  about  6 
millions  people  who  live  in  remote  rural  areas,  and  so  they  have  no 
access  to  conventional  electricity  services.  In  order  to  provide  elec¬ 
tricity  access  to  remote  herdsmen,  household-scale  wind  power 
has  been  used  most  successfully  in  this  region  [17],  and  as  a  result 
this  makes  it  possible  to  use  wind  power  generators  to  charge  bat¬ 
teries  to  power  televisions,  radios  and  lights  for  remote  herdsmen. 
It  is  estimated  that  over  90%  of  the  small-scale  turbines  in  China 
are  located  in  Inner  Mongolia. 

In  1989,  the  first  onshore  wind  power  generation  farm  was 
built,  having  a  rated  power  of  500  kW  and  consisted  of  five  100  kW 
wind  turbines  produced  by  the  American  company  in  Zhurihe 
wind  farm,  in  the  north-central  part  of  Inner  Mongolia.  From 
then  on,  Grid-connected  wind  power  is  well  developed  in  Inner 
Mongolia.  Subsequently,  four  other  wind  farms  were  constructed  in 


succession:  Shangdu  in  1994,  Xilinhot  in  1995,  Huitengxile  in  1996, 
and  Dali  in  1999,  with  the  total  installed  capacity  of  135.14  MW 
at  the  end  of  2004.  Development  of  grid-connected  wind  power 
in  Inner  Mongolia  increases  dramatically,  which  can  be  seen  in 
Fig.  6  [16,17].  The  figure  shows  the  Installed  wind  power  capac¬ 
ity  in  Inner  Mongolia  between  the  years  1995  and  2010.  In  1995, 
there  was  only  8.2  MW  of  wind  power  capacity  installed  in  Inner 
Mongolia.  However,  2009  is  a  record  breaking  year  for  wind  indus¬ 
try  in  Inner  Mongolia.  At  the  end  of  the  year  2009,  the  total  installed 
wind  power  capacity  has  been  up  to  9196.16  MW,  with  151.88%  of 
growth  rate  in  comparison  with  2008.  In  the  year  of  2010,  how¬ 
ever,  growth  has  slowed,  and  there  is  still  a  50.69%  increase  rate  in 
contrast  with  2009. 

3.3.  Offshore  wind  power  development 

At  present,  the  vast  majority  of  wind  power  is  generated  from 
onshore  wind  farms.  However,  offshore  wind  power  can  be  the 
trend  in  the  near  future,  especially  in  Europe  [11].  This  is  because 
that  offshore  wind  farms  have  many  advantages  comparing  with 
onshore.  For  example,  wind  speeds  are  higher  and  more  stable  on 
the  open  sea.  Wind  turbines  can  also  be  bigger  than  on  land  because 
it  is  easier  to  transport  very  large  components  on  the  open  sea.  As 
estimated,  there  is  a  huge  increase  in  wind  energy  development 
over  the  following  20  years. 

Onshore  wind  energy  has  grown  enormously  ever  the  last  two 
decades  in  China.  However,  development  of  offshore  wind  power 
is  just  beginning.  But  there  are  substantial  plans  in  the  pipeline  in 
several  provinces,  which  can  be  seen  in  Table  3  [20].  From  the  table, 
it  is  found  that  several  offshore  wind  farms  with  a  total  of  thousands 
of  megawatt  will  be  constructed  in  Chinese  sea  in  next  two  decades. 
As  China’  major  urban  centers,  which  are  located  on  the  eastern 
coast  of  China,  are  very  far  from  these  regions  that  are  rich  in  wind 


Table  3 

Total  offshore  wind  power  installed  capacity  by  province  in  2015  and  2020  (MW). 


Year 

Shanghai 

Jiangsu 

Zhejiang 

Shandong 

Fujian 

2015 

700 

4600 

1500 

3000 

300 

2020 

1550 

9450 

3700 

7000 

1100 
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Fig.  7.  The  location  of  Shanghai  Donghai  Bridge  Offshore  wind  farm. 


energy.  Though  coastal  wind  energy  resources  are  abundant,  the 
growth  of  large  scale  onshore  wind  power  is  limited  by  the  lack 
of  inexpensive  land  resources  in  these  regions.  So  offshore  wind 
energy  development,  the  same  as  other  countries,  has  very  good 
economic  prospects  in  coastal  region  of  China. 

In  fact,  major  urban  centers  such  as  Shanghai,  are  located  on 
the  eastern  coast  of  China,  in  which  electricity  demand  is  grow¬ 
ing  rapidly  and  electricity  prices  are  high,  this  is  because  local  coal 
resources  are  scarce,  coal  must  be  transported  in  the  region  via  rail 
or  the  electricity  must  be  carried  through  long  transmission  lines. 
However,  it  is  worth  mentioning  that  offshore  wind  farm  can  be 
installed  near  major  urban  centers,  only  relatively  short  transmis¬ 
sion  lines  to  carry  the  electricity  to  these  high  energy  cost  and  big 
demand  markets. 

At  the  end  of  the  year  2010,  the  first  offshore  wind  farm  in 
China,  Shanghai  Donghai  Bridge  Offshore  Wind  Farm,  has  been 
built,  having  a  total  installed  capacity  of  102  MW  and  consisted 
of  34  wind  turbines  of  3  MW  each  produced  by  the  Chinese  com¬ 
pany.  The  annual  electrical  power  production  will  be  equal  to 
258.51  GWh/year,  which  can  meet  the  electricity  demand  of  200 
thousands  average  households  of  Shanghai  [20].  The  location  of 
wind  farm  can  be  seen  in  Fig.  7  [21  ]. 

4.  Challenges  in  utilizing  wind  energy  in  China 

China  is  a  huge  emerging  market  for  wind  energy  which  can 
be  harnessed  to  provide  enormous  electrical  power  to  both  the 
remote  rural  areas  which  cannot  access  to  a  reliable  electric  net¬ 
work  and  these  regions  that  are  lack  of  conventional  fossil  fuel 
energy  resources.  Moreover,  exploitation  of  wind  energy  will  sub¬ 
stantially  benefit  the  coastal  areas. 

So  far,  although  some  efforts  in  China  have  been  made,  more 
research  and  development  (R&D)  on  technology  and  policies 
related  to  wind  energy  is  still  urgently  needed.  (1)  Distribution  of 
wind  energy  resources  is  badly  uneven  in  China,  which  can  be  dis¬ 
advantageous  to  the  development  of  wind  energy.  For  a  long  time, 


the  supply  and  demand  of  the  electricity  is  unbalance  in  China.  As 
mentioned  above,  China’s  wind  energy  resources  are  mainly  dis¬ 
tributed  in  three  north  of  China,  where  the  electricity  demand  is 
relatively  small.  So,  due  to  the  high  transition  cost,  together  with 
lack  of  the  relevant  technology,  it  is  unfeasible  to  carry  the  electric¬ 
ity  to  coastal  regions  via  long  transition  line.  (2)  At  present,  most  of 
large  scale  wind  farm  were  installed  in  the  three  north  regions  of 
China,  and  these  wind  farm  are  far  from  the  local  existing  electrical 
power  grid,  which  is  weak.  So  this  situation  limits  the  capacity  of  the 
wind  power  integration  into  the  utilities  networks,  and  meanwhile, 
long  transitions  must  be  need  to  carry  the  electricity  produced  by 
wind  farms  to  the  local  grids.  In  turn,  new  challenges  occur  such 
as  the  capacity  of  electricity  transition,  the  transition  cost,  and  the 
influence  on  topological  structures,  stability,  and  operating  modes 
of  power  system  [22].  (3)  Large  scale  wind  power  make  new  tech¬ 
nological  demands  on  wind  power  industry  not  only  with  respect 
to  the  development  of  the  wind  turbines  themselves  but  also  with 
respect  to  their  connection  to  the  electricity  grid.  In  order  to  cap¬ 
ture  more  energy  from  the  wind,  novel  blade  should  be  developed 
and  tested,  and  advanced  control  strategies  such  as  maximum  wind 
energy  extraction  should  be  investigated.  At  the  same  time,  the  low 
voltage  ride  through  performance  must  be  enhanced  in  order  to 
meet  the  new  grid  codes  that  require  the  uninterrupted  operation 
of  wind  power  generation  even  through  voltage  dips  caused  by  any 
fault  [23].  (4)  International  co-operation  will  be  of  importance  for 
the  development  of  wind  energy  in  China.  It  is  hoped  that  more  and 
more  domestic  and  foreign  institutions  can  share  their  experience 
on  the  wind  energy  exploitation.  (5)  Institutional  and  governmen¬ 
tal  support  is  needed  to  encourage  more  corporations  to  join  the 
R&D  of  the  wind  energy. 

Besides  all  mentioned  above,  there  are  still  many  other  chal¬ 
lenges  needed  to  be  solved  for  the  development  of  wind  energy 
such  as  the  cost  effectiveness,  environmental  impact  analysis,  so 
more  researches  and  data  from  full-scale  experiments  are  needed 
before  any  definite  conclusions  can  be  drawn. 


5.  Future  prospect 

In  order  to  satisfy  the  rapidly  growing  energy  demand,  deal  with 
the  global  challenges  of  climate  change,  and  ensure  the  safety  of 
energy  supply,  the  National  Medium  and  Long-Term  Development 
Plan  of  Wind  Power  is  issued  by  the  National  Development  and 
Reform  Commission  of  China  in  2003,  which  puts  forth  the  goal 
of  the  total  installed  capacity  of  wind  power  will  reach  4  GW  by 
the  end  of  2010,  10  GW  up  to  2015,  respectively,  and  at  the  same 
time,  offshore  wind  power  projects  on  the  southeast  coast  will  be 
constructed.  By  2020,  the  total  installed  capacity  of  wind  power 
will  be  up  to  20  GW  in  China  [24]. 

In  2007,  a  more  ambitious  project  than  that  enacted  in  2003,  in 
the  Medium  and  Long-term  Development  Plan  for  National  Renew¬ 
able  Energy  Sources  enacted  in  August,  2007,  puts  forward  that 
the  total  installed  capacity  of  wind  power  nationwide  would  reach 
5  GW  by  2010.  Up  to  2020,  the  national  total  installed  capacity  of 
wind  power  will  come  to  30  GW.  In  addition,  offshore  wind  power 
will  reach  the  installed  capacity  of  1  GW  [25]. 

As  a  matter  fact,  China’s  total  installed  capacity  of  wind  power  at 
the  end  of  2009  has  been  up  to  25.8053  GW,  which  has  been  signif¬ 
icantly  exceeding  the  planned  wind  power  capacity  of  2010,  which 
is  enacted  both  in  2003  and  in  2007.  As  the  plan  enacted  in  2003, 
offshore  wind  farms  will  be  constructed  in  2015,  and  however, 
in  practice,  at  the  end  of  2010  Shanghai  Donghai  Bridge  Offshore 
Wind  Farm  has  been  built.  So  it  is  found  that  national  projects  are 
conservative. 

Besides  all  mentioned  above,  however,  it  is  worth  noting  that  on 
the  base  of  previous  construction,  seven  wind  power  bases,  with  a 
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Table  4 

Total  wind  power  installed  capacity  by  wind  power  base  in  the  future  (GW). 


Year 

Jiangsu 

Xinjiang 

Gansu 

Hebei 

East  IM 

West  IM 

Jilin 

Total 

2015 

5.8 

7 

n.a. 

8.98 

823.45 

17.95 

10.115 

n.a. 

2020 

10 

10.8 

12.71 

14.13 

20 

38.3 

122.115 

228.055 

n.a.:  data  not  available. 


2015  2020  2030 


Year 


Fig.  8.  Wind  power  installed  capacity  in  Jiangsu  wind  power  bases  in  the  future. 


which  is  different  with  that  in  Europe,  where  the  characteristics  are 
small  scale,  distribution,  decentralized  [22].  In  past  two  decades, 
onshore  wind  power  increase  fast,  but  offshore  wind  power  in 
China  is  only  in  beginning.  Besides  the  utilization  of  large  scale 
grid-connected  wind  power,  household-scale  wind  power  has  been 
used  most  successfully  in  remote  rural  regions  in  China,  and  resul- 
tantly  this  has  met  local  residents’  electricity  demand.  With  the 
great  efforts  and  ambitious  plans  made  by  China,  it  can  be  fore¬ 
seen  that  wind  power  in  this  country  will  increase  dramatically.  It 
will  certainly  play  an  important  role  in  the  economic  development 
and  global  environmental  protection.  Of  course,  this  depends  on 
to  large  extent  the  support  of  both  central  government  and  local 
government  on  the  exploitation  of  wind  power.  It  is  the  concern  on 
environment,  energy  that  has  driven  the  increasing  interest  in  and 
application  of  wind  power. 


wind  power  installed  capacity  of  more  than  10  GW  each,  have  been 
projected  in  Gansu,  Xinjiang,  Hebei,  Jilin,  Inner  Mongolia  (IM),  and 
Jiangsu,  respectively,  and  this  can  imply  a  wind  power  develop¬ 
ment  mode  of  large  scale,  high  centralization  and  far  transmission 
in  the  near  future  in  China,  which  can  depend  on  the  distribution 
characteristic  of  China’s  wind  energy  resources.  Table  4  presents 
the  planed  wind  power  capacity  by  wind  power  base.  As  seen 
from  the  table,  at  the  end  of  2020,  Jilin  will  lead  the  sector  with 
122.115  GW.  West  IM  will  follow  with  38.3  GW.  East  IM  will  be  the 
third  place,  with  20  GW.  In  turn,  Hebei,  Gansu,  Xinjiang,  Jiangsu  is, 
respectively,  14.13  GW,  12.71  GW,  10.8  GW,  10  GW,  and  these  add 
up  to  228.055  GW  [20],  which  is  more  than  7  times  the  wind  power 
installed  capacity  of  2020  planned  in  2007. 

Finally,  it  is  worth  mentioning  that  a  20-year  program  for  the 
development  of  wind  power  in  Jiangsu  wind  power  base  has  been 
enacted  by  energy  planners  in  local  government.  Fig.  8  shows  the 
planed  wind  power  installed  capacity  in  next  two  decades.  From  the 
figure,  offshore  wind  power  installed  capacity  will  increase  signifi¬ 
cantly,  and  by  2030,  it  will  reach  18  GW,  constituting  85.71%  of  the 
total  planned  installed  capacity  in  Jiangsu  wind  power  base. 

6.  Conclusion 

The  current  intent  to  reduce  greenhouse  gas  emissions  and 
conserve  fossil  fuels  has  resulted  in  a  drive  to  clean  and  renew¬ 
able  energy,  especially  the  large  majority  of  aerodynamic  energy 
contained  in  wind  has  gained  more  attentions  recently  and  as  a  con¬ 
sequent  wind  power  has  developed  considerably.  It  is  well  known 
that  wind  energy  is  a  reliable,  natural  and  renewable  electrical 
power  supply.  Utilization  of  wind  power  can  increase  considerably 
the  clean  power  supply,  and  reduce  the  emission  of  greenhouse 
gases,  and  meanwhile  it  is  increasingly  applied  just  to  contribute  to 
optimize  energy  structure  and  so  enhance  the  capacity  of  economic 
and  social  sustainable  development. 

Wind  energy  resources  in  China  are  affluent,  but  taking  into  con¬ 
sideration  the  distribution  characteristics  of  onshore  wind  energy 
resources,  which  are  uneven,  centralized,  and  far  from  both  the 
existing  utilities  and  the  high  electricity  demand  markets.  This 
made  China’s  onshore  wind  power  development  have  such  char¬ 
acteristics  as  large  scale,  high  centralization  and  far  transmission, 
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